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CROSS-REFERENCE TO RELATED APPLICATIONS 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The invention relates to electrostatic discharge (ESD) protection and, 

more particularly, to methods and systems for improving response times of ESD 
triggering and clamping circuitry. 

Background Art 

[0003] Terminal pads, such as those found on integrated circuits (ICs), couple IC 

circuitry to off-chip devices. If a terminal pad is subjected to ESD, the on-chip 
circuitry can be damaged. For example, ESD from human handling can be as 
high as 2000 Volts (V). ESD circuits are utilized to redirect ESD away from on- 
chip circuitry, typically to ground. 

[0004] In some situations, a terminal pad has a voltage present during normal 

operations, such as a power supply voltage, which may adversely affect ESD 
circuit components. Protection circuits, such as diode strings, can be used to 
protect ESD circuit components from becoming over stressed during normal 
operations, for example, when the applied voltage exceeds the voltage rating of 



an ESD circuit component. A protection circuit inserted between a terminal pad 
and an ESD circuit reduces the voltage applied to the ESD circuit. 

[0005] Delayed response time is a limitation in ESD circuit performance when 

an ESD protection circuit is implemented as a diode string. Typical ESD circuits 
contain a triggering circuit that activates a clamping circuit when the ESD 
threshold voltage is exceeded. The clamping circuit provides an immediate 
discharge path, typically to ground. However, when a diode string protection 
circuit is inserted between a terminal pad and an ESD triggering circuit, the 
triggering circuit does not respond to ESD events as quickly as it would without 
a diode string protection circuit. The response time of the triggering circuit is 
delayed since each diode in the diode string contributes a series parasitic 
resistance which, in combination with the diode forward voltage drop, reduces the 
applied voltage to the ESD triggering circuit. For example, if the threshold 
triggering voltage is 10 V, and each diode in a string of two diodes contributes a 
0.7 V forward voltage drop and a 1 V parasitic resistance voltage drop, then the 
triggering circuit will not activate the clamp until the applied voltage reaches 
13.4 V. The diode string causes the voltage on the triggering circuit to trail 
behind the voltage on the terminal pad. 

[0006] Initial peaking is another limitation in ESD circuit performance when the 

ESD protection circuit is implemented with a diode string. An ESD event is 
characterized by a sharp increase in voltage. Because there is no discharge path 
until the ESD clamp is triggered, and the response time of the ESD triggering 
circuit will be delayed, the applied voltage will peak higher before the threshold 
triggering voltage is reached. 

[0007] The delayed response time and initial peaking limitations of diode string 

protection circuits can be alleviated if larger area diodes, which have smaller 
substrate resistance, are employed. However, larger area diodes require more 
space on the IC, which is another limitation of the diode string protection circuit. 

[0008] Methods and systems are needed that enable ESD triggering and clamping 

circuitry to respond quickly to ESD events, yet continue to protect ESD circuit 
components during normal operations. 
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BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention relates to electrostatic discharge (ESD) protection 

and, more particularly, to methods and systems for improving response times of 
ESD triggering and clamping circuitry. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] The present invention will be described with reference to the 

accompanying drawings wherein: 

[0011] FIG. 1 is a high level block diagram illustration of an electrostatic 

discharge (ESD) circuit and a main circuit coupled to a terminal pad; 

[0012] FIG. 2 is an example implementation of the ESD circuit illustrated in 

FIG. 1 and includes an ESD triggering circuit and an ESD clamping circuit; 

[0013] FIG. 3 is a high level block diagram illustration of an ESD protection 

circuit; 

[0014] FIG. 4 is an example embodiment of the ESD protection circuit illustrated 

in FIG. 3; 

[0015] FIG. 5 is a high level block diagram illustration of a frequency bypass 

circuit implemented in conjunction with the ESD protection circuit of FIG. 3, in 
accordance with an aspect of the present invention; 

[0016] FIG. 6 illustrates an example embodiment of the frequency bypass circuit 

of FIG. 5; 

[0017] FIG. 7 illustrates another example embodiment of the frequency bypass 

circuit of FIG. 5; 

[0018] FIG. 8 is an example implementation of an ESD circuit that includes an 

ESD protection circuit, a frequency bypass circuit, an ESD triggering circuit, an 
ESD clamping circuit, and an ESD timing circuit, in accordance with an aspect 
of the present invention; and 
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[0019] FIG. 9 illustrates a process flowchart for improving ESD triggering and 

clamping circuitry response time, in accordance with an aspect of the present 
invention. 
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/. Introduction 

[0020] The present invention relates to electrostatic discharge (ESD) protection 

and, more particularly, to methods and systems for improving response times of 
ESD triggering and clamping circuitry during ESD events, without compromising 
the performance of ESD protection circuitry during normal operations. The 
present invention includes a frequency bypass to ESD protection circuits during 
ESD events. The invention allows sudden high voltage electrostatic spikes to 
bypass ESD protection circuitry and trigger ESD clamping circuitry without 
substantial delay. 

[0021] In an embodiment, the frequency bypass circuit is a higher frequency 

bypass, which ensures that lower frequency fluctuations on the terminal pad do 
not prematurely trigger the ESD clamping circuit. 

[0022] When used herein, the phrase, terminal pad, is used to refer to any type of 

electrical point associated with a circuit that could be subjected to an ESD event. 
For example, and without limitation, terminal pads include terminal pads that 
couple an integrated circuit (IC) device to off-chip devices, electrical connections 
between discreet devices, and etched and/or doped silicon connections between 
IC components on a chip. 

[0023] There are a number of performance advantages to implementing a 

frequency bypass circuit in conjunction with an ESD protection circuit. The 
frequency bypass circuit enables the ESD triggering circuit to respond 
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immediately to high voltage spikes caused by an ESD event. Unlike the ESD 
protection circuit, the frequency bypass circuit does not cause a voltage drop. 
Without a frequency bypass circuit, the ESD triggering circuit response time is 
delayed because the voltage seen by the triggering circuit trails behind the 
terminal pad voltage due to a voltage drop across the ESD protection circuit. 

[0024] The frequency bypass circuit also suppresses initial peaking of voltage on 

the main circuit at the onset of an ESD event. The frequency bypass circuit 
enables the ESD triggering circuit to respond to high voltage electrostatic spikes 
without delay by activating the clamping circuit to provide a discharge path. 
Without an ESD protection circuit bypass, the triggering circuit response time 
delay can result in an initial build-up of high voltage before the clamping circuit 
is activated to provide a discharge path. High voltage peaking can damage ESD 
circuit components and main circuit components. 

[0025] The frequency bypass circuit also enables ESD clamps to be used on very 

high voltage lines without sacrificing performance. For example, when ESD 
protection circuits are implemented with diode strings, the diode substrate 
resistance causes a voltage drop, thereby reducing the voltage level seen by the 
triggering circuit. In very high voltage applications, the protection circuit would 
require numerous diodes to afford sufficient protection from high direct current 
(DC) voltage stress on the circuit components. However, stringing numerous 
diodes together would result in significant triggering delay during ESD events, 
putting the IC components at greater risk. The frequency bypass circuit enables 
implementation of ESD protection circuits composed of numerous diodes without 
compromising triggering and clamping response time during ESD events. 

[0026] The frequency bypass circuit also enables implementation of ESD 

protection circuits with smaller area diodes because diode substrate resistance 
will no longer impact performance of the ESD clamp during ESD events. 
Smaller area diodes are advantageous because they occupy less space on IC chips. 



//. ESD Frequency Bypass 

[0027] FIG. 1 illustrates a high level block diagram of a circuit 1 00, including an 

ESD circuit 102 coupled to a terminal pad 104 and a main circuit 106. The 
circuit 1 00 could be a single integrated circuit or multiple integrated circuits, for 
example, the ESD circuit 102 and main circuit 106 could be integrated onto a 
single chip or separate chips. Occasionally, the circuit 100 may be exposed to 
ESD, for example, via a terminal pad 1 04. The ESD circuit 1 02 protects the main 
circuit 106 from such electrostatic voltage by providing a discharge path, 
typically to ground. 

[0028] FIG. 2 illustrates an example implementation of the circuit 1 00, wherein 

the ESD circuit 1 02 includes an ESD clamp circuit 204 and an ESD trigger circuit 
202. The ESD trigger 202 and ESD clamp 204 are coupled to the terminal pad 
104. The trigger circuit 202 is coupled to the clamp circuit 204, which provides 
a discharge path, typically to ground. 

[0029] Sometimes during normal operations, a relatively high DC voltage, which 

could damage circuitry within the ESD circuit 102, may be applied the terminal 
pad 104. Accordingly, in an embodiment, an ESD protection circuit is 
implemented to reduce the DC voltage seen by the ESD circuit 102. For 
example, FIG. 3 is a high level block diagram illustration of an ESD protection 
circuit 302 coupled to the terminal pad 1 04 and the ESD trigger circuit 202. The 
ESD protection circuit 302 reduces the terminal pad voltage level sitting on the 
ESD circuit 102 components. 

[0030] FIG. 4 illustrates an example embodiment of the ESD protection circuit 

302. In such an embodiment, a string of diodes 402 protects the components in 
the ESD circuit 102, for example, within the ESD trigger 202, from DC voltage 
stress. However, the string of diodes 402 introduces a forward voltage drop and 
a parasitic resistance which reduce the voltage level at the terminal pad 104 as 
seen by the ESD circuit 1 02. When an ESD event occurs, the voltage reduction 
due to the ESD protection circuit 302 delays the operation of the triggering circuit 
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202 and the clamping circuit 204. During this delay, ESD is not redirected away 
from the main circuit 106. 

[0031] A frequency bypass circuit, in accordance with the present invention, 

enables ESD triggering and clamping circuitry to respond quickly to ESD events, 
yet continue to protect ESD circuit components from DC voltage stress during 
normal operations. FIG. 5 is a high level block diagram illustration of the 
frequency bypass circuit 502 coupled to the terminal pad 1 04 and the ESD trigger 
circuit 202. The frequency bypass circuit 502 essentially acts as a short circuit 
between the terminal pad 104 and the ESD trigger 202 during ESD events, and 
essentially acts as an open circuit during normal operations. 

[0032] A variety of systems and methods can be utilized to bypass ESD 

protection circuits in accordance with the present invention. Examples are 
provided below. The invention is not, however, limited to the examples provided 
herein. Based on the description herein, one skilled in the relevant art(s) will 
understand that the present invention can be implemented with other methods and 
systems as well. 

///. Example Embodiments 

[0033] FIG. 6 illustrates an example embodiment of the frequency bypass circuit 

502 as a capacitor 602. The capacitor 602 can be implemented with one or more 
discreet capacitors and/or using the inherent capacitances of one or more 
transistors. For example, FIG. 7 illustrates the frequency bypass 502 
implemented with a transistor 702 configured as a capacitor. Generally, the 
frequency bypass circuit 502 can be implemented with a transistor 702 configured 
as a capacitor if the DC voltage stress at the terminal pad 1 04 during normal 
operations is below the transistor breakdown level. Alternatively, the frequency 
bypass circuit 502 can be implemented with one or more discreet metal capacitors 
if the DC voltage stress at the terminal pad 1 04 during normal operations exceeds 
the transistor breakdown level. Components for implementing the frequency 
bypass may be selected according to various design considerations, for example, 
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if lower frequency fluctuations are expected during normal operations, the 
frequency bypass should be implemented with components that will not pass the 
lower frequency fluctuations. 

[0034] FIG. 8 is an example schematic diagram of the ESD circuit 1 02. The ESD 

circuit 102 includes the ESD clamp 204, ESD trigger 202, ESD protection circuit 
302 configured as a string of two diodes 402, the frequency bypass circuit 502 
configured as a capacitor 602, and an ESD timing circuit 802 that releases the 
ESD clamp after a period of time. 

[0035] FIG. 9 illustrates a high-level process flowchart 900 for bypassing an ESD 

protection circuit during an ESD event, in accordance with an aspect of the 
present invention. For purposes of illustration only, operation of the process 
flowchart 900 is described with reference to the circuit 100. Based on the 
description herein, one of ordinary skill in the relevant art(s) will recognize that 
operation of the process flowchart 900 is not, however, limited to the circuit 1 00. 
The process begins with step 902, which includes receiving the terminal pad 
voltage 1 04. The terminal pad voltage 1 04 is then applied to the main circuit 1 06 
in step 904 and to the ESD circuit 102 in step 906. Steps 908 through 912 are 
performed in parallel with steps 920 through 924. Steps 908 through 912 are 
described first, followed by steps 920 through 924. 

[0036] In step 908, the terminal pad voltage 1 04 is reduced by the ESD protection 

circuit 302. The reduced terminal pad voltage is applied to the ESD clamp circuit 
204 and/or to the ESD trigger circuit 202 in step 910. In step 912, the ESD 
trigger circuit 202 determines whether the reduced terminal pad voltage exceeds 
the triggering voltage threshold. If the reduced terminal pad voltage exceeds a 
triggering threshold voltage, the ESD clamp circuit 204 is activated in step 914 
and the reduced terminal pad voltage is directed away from the main circuit 106. 
In step 916, the ESD clamp circuit 204 is released after a period of time. In step 
918, the process returns to step 902 if the reduced terminal pad voltage does not 
exceed a triggering voltage threshold in step 912, or after the ESD clamp circuit 
204 is released in step 916. 
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[0037] In step 920, the unreduced terminal pad voltage 1 04 is applied to a higher 

frequency bypass 502, in accordance with an aspect of the present invention. In 
step 922, the higher frequency bypass 502 determines whether there is a higher 
frequency voltage increase on the terminal. If a higher frequency voltage increase 
is detected, and the voltage exceeds a triggering threshold volatge in step 924, the 
ESD clamp circuit 204 is activated in step 914 and the terminal pad voltage is 
directed away from the main circuit 1 06. In step 916, the ESD clamp circuit 204 
is released after a period of time. In step 918, the process returns to step 902 if 
the higher frequency bypass 502 does not detect a higher frequency voltage 
increase on the terminal in step 922, or if the higher frequency bypass 502 detects 
a higher frequency voltage increase on the terminal in step 922 but the voltage 
does not exceed a triggering threshold voltage in step 924, or after the ESD clamp 
circuit 204 is released in step 916. 

X. Conclusions 

[0038] The present invention has been described above with the aid of functional 

building blocks illustrating the performance of specified functions and 
relationships thereof. The boundaries of these functional building blocks have 
been arbitrarily defined herein for the convenience of the description. Alternate 
boundaries can be defined so long as the specified functions and relationships 
thereof are appropriately performed. Any such alternate boundaries are thus 
within the scope and spirit of the claimed invention. One skilled in the art will 
recognize that these functional building blocks can be implemented by discreet 
components, application specific integrated circuits, processors executing 
appropriate software and the like or any combination thereof 

[0039] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. Thus, the breadth and scope of the present invention 
should not be limited by any of the above-described exemplary embodiments, but 



should be defined only in accordance with the following claims and their 
equivalents. 



